Abstract-In isolated splenic capsules of mouse, rat, guinea pig, rabbit, cat and dog, either a single or a cumulative dose of I and dl-isoproterenol at a concentration higher than 10-9 M, induced a relaxation which was inhibited or blocked with pretreatment of 10-5 M propranolol.
either a single or a cumulative dose of I and dl-isoproterenol at a concentration higher than 10-9 M, induced a relaxation which was inhibited or blocked with pretreatment of 10-5 M propranolol.
At a concentration of 5 x 10-6 M to 10_, M 1 and dl-isopro terenol, an inverse contraction was induced, and such response was prevented or reversed to one of relaxation in the presence of 10-5 M phentolamine. Application of 10-s M epinephrine produced a strong contraction and such was reversed to one of relaxation after addition of 10-' M phentolamine.
This relaxation was reduced or blocked with pretreatment of 10-5 M propranolol. Thus, it was confirmed that both a and jS receptors exist in the splenic capsule area of these different species.
Catecholamines induce contraction on isolated or in vivo spleen tissues including smooth muscle areas of vessels and the capsule from various species (1) (2) (3) (4) (5) (6) (7) (8) . This contraction was identified to be the response from the stimulation of a-adrenergic receptors.
Isoproterenol evokes a small and unclarified inhibitory effect on isolated spleen of cat (9) and an apparent relaxation of the entire spleen of mouse (10) . Ignarro and Titus (10) confirmed the existence of (3-receptors in mouse spleen only, and assumed there were no /3-receptors in the spleen of other species such as rat, guinea pig, rabbit and monkey. Kizaki and Abiko (11) and Takano (12) also reported the lack of Q-receptors in isolated spleens of kid, cat, rabbit and dog.
On the other hand, it was reported that the j3-receptors did (13) (14) (15) or did not (16) exist in the vascular bed in the spleen. In addition, the conclusion was that 8-receptors were to be found in the blood vessel area but not in other areas of splenic smooth muscle in the spleen of cat, in vivo (15) , or that ,3-receptors may also exist in the splenic capsule area (13) in perfused spleen of dog.
We isolated spleen preparations of rats, mice, guinea pigs, rabbits, cats and dogs, and investigated the existence of (3-receptors in splenic capsule areas in these species.
MATERIALS AND METHODS
Mice (ICR, 24 to 45 g), rats (Wistar, 170 to 380 g), guinea pigs (Hartley, 250 to 410 g), rabbits (2 to 2.5 kg), cats (2 to 3 kg) and mongrel dogs (8 to 10 kg) were used. The mice , rats and guinea pigs were sacrificed by a blow on the head, and rabbits, cats and dogs were anesthetized with pentobarbital sodium (Abbott), and a laparotomy was done. The spleen was isolated and the capsule preparation was made by sectioning the tissue at the hilus side. by means of an isotonic transducer (Nihon Kohden TD-112S). Suspending tensions were 0.5 g for mouse, 1 g for rat, guinea pig and rabbit and 1.5 g for cat and dog. The prepa ration was incubated in an organ bath for 60 to 120 ruin until the baseline had stabilized before the drug administration.
The cumulative dose-response curve with isoproterenol application was measured every 4 min by increasing the concentration of the drug without washout of the preparation.
The interval between single and cumulative administrations was 60 min and adrenergic blocking agents were introduced 5 min prior to the adrenergic stimulants.
The drugs used were as follows: 1 and dl-isoproterenol hydrochloride (Nikken), pro pranolol hydrochloride (ICI), epinephrine hydrochloride (Sankyo), phentolamine mesylate (CIBA). In most cases, the relaxation responded to 10-5 M dl isoproterenol was converted to one of contraction after 10-5 M propranolol, while a pro nounced relaxation occurred after 10-5 M phentolamine (Fig. 2) . This same figure also shows the response to 10-5 M epinephrine. When 10-5 M epinephrine was administered , a strong contraction was obtained, and such was converted to one of relaxation after treat ment of 10-4 M phentolarnine. This relaxation was again replaced by a weaker contraction after a 60 min interval or the contraction became more evident in the presence of 10-5 M propranolol.
RESULTS

I] Rat
The cumulative dose-response curves to l and dl-isoproterenol are shown in Figs . 3 and 4.
In the experiment of cumulative administration, the drug was applied (Fig. 3) . The response to isoproterenol returned to its initial condition gradually when the washout of preparation was repeated. 
II] Other species
In this experiment, mice, guinea pigs, rabbits, cats and dogs were also used.
Similar results as in the case of rat were obtained in mice, guinea pigs and rabbits. In the cases of cat and dog, administration of 1 or dl-isoproterenol (10-6 M to 10-5 M) resulted in a most prominent relaxation, and when over 5 x 10-5 M was given, a clear contraction was In above mentioned results, the relaxant effects of 1 and dl-isoproterenol were clearly identified even in the isolated splenic capsule areas, thus demonstrating the existence of p3-receptor in these species.
DISCUSSION
Many researchers had stated that there are a-receptors in splenic smooth muscle, especially blood vessels, of species such as cat and dog, and the muscle elicites a contraction with the stimulation of the receptor (1-8) . Studies of the existence of (3-receptor in the spleen were originated by Bickerton (9) who found that when a contraction was elicited with catecholamines, addition of isoproterenol reversed it to one of relaxation and such was attributed to the stimulation of adrenergic inhibitory receptor. This relaxation produced by isoproterenol diminished or reverted to one of contraction in the presence of dichloro isoproterenol. However, the isoproterenol induced relaxation in his experiments was modest, small and not definite. Later, Ignarro and Titus (10) reported that an appreciable relaxation was observed in isolated entire spleen of mouse exposed to dl-isoproterenol and that such was inhibited or blocked by pretreatment of MJ 1999, thus indicating the existence of ~-receptors. However, they concluded that no (3-receptor existed in the spleen of the other species such as rat, guinea pig, cat, rabbit and monkey. Additionally, Kizaki and Abiko (11) and Takano (12) stated that the isolated spleen of kid, cat and rabbit have no Q-receptors.
Nevertheless, in their experiments, the contraction elicited with epinephrine or with a high concentration of isoproterenol was enhanced by pretreatment with propranolol.
The above mentioned studies were performed in the spleen in vivo or in the isolated entire spleen, thus results obtained were the total responses including those of the vessels, the capsule and the other tissues. Though there is a disagreement in dog (16) , the existence of }3-receptor was suggested in the splenic vessels of cat (14) and also in other areas of splenic smooth muscle (15) . Moreman et al. (13) Thus j3-receptors exist along with a-receptors in the area of splenic capsule of rat, guinea pig, rabbit, cat and dog, and stimulation of j3-receptors induces relaxation while stimulation of a-receptors induces contraction.
